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[57]. ~ ABSTRACT

An instructional device in the form of a special purpose
computer comprising a display device for displaying
teaching materials and other information, a keyboard
for the student to make a response to the given infor-
mation, and a control circuit; wherein said control
circuit decodes 1n sequence the orders supplied in the
form of program, provides the student with necessary
teaching materials, reads the response from the stu-
dent, judges the réead response, and determines the
program to be executed in the next place according to
the judged result. This instructional device makes a
great teaching freedom available to meet the individual
abilities of the students.

14 Claims, 7 Drawing Figures
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TEACHING MACHINE

This invention: relates to instructional.d_evices':or
teaching machines. The invention relates more particu-

larly to -an instructional device through which the
teacher presents teaching materials to his students by
way of a suitable medium such as by character, figure
and voice according to a predetermined program, and
asks the students to respond to the presented materials.
The device is operated to determine suitable teaching
material according to the -response from the student
and thus permits the students to- effectively receive
education according to their individual abilities. .
Instructional devices have been provided in various
types in the art, ranging from a simple one using no
electrical circuits to a type associating an electronic
computer to perform complex educational functions.
A simple type of instructional device is operable only
in certain fixed modes and is, therefore simple in-func-
tion. In this type of device, therefore, the application
field is limited and the educational effect 1s low. =
Generally, the educational effect can be increased by
increasing the freedom of selecting the teaching proce-
dures to meet the ability of each student according to
the program determined by the teacher. The simple
teaching- device has little freedom of education and
makes only a limited education effect available.
On the other hand, an instructional device employing
an electronic computer is greatly versatile with respect
to its teaching function and can provide an optimum
educational approach according to the ability and un-
derstanding of the individual student. In the art, there-
fore, this instructional device is considered to be quite
promising. =~ - 3
Presently, however, this device has many drawbacks.
For example, a large setup is required to organize an
instructional system and, inevitably, the cost is high. As
a result this instructional device is usable only for spe-
cial applications. In the prior art, the electronic com-
puteris used only as a control device for controlling the
student terminals according to the program determined
by the teacher. Thus, it is apparent that the prior art
fails to make the best use of computer capability. In the
art, the student terminal is used without modifications
and, as a result, the computer ought to .deal with data
only with respect to the controlling of the student ter-
minals. . S . |
- In short, conventional instructional devices are not
practical enough; the simple type is lacking in versatil-
ity with respect to the teaching function, and the other
type is costly and deficient in the effective use of com-
puter capability. = . o o
Accordingly, a general object of this invention is to
provide an instructional device to enable the student to
respond to the given information, and a control circuit
for arbitrarily modifying the operation mode of the
device by program means. = e |
" The control circuit comprises logic circuits for, de-
coding the order supplied in the form of program from
the program-feeding device, and performing a specific
operation designated by the order. Based on the result
of the operation performed on the given program, the
control circuit sends the program-feeding device a
designation of the program and a request for program
supply. More specifically, the control circuit decodes in
sequence the orders supplied in terms of program from
the program-feeding device and executes: the order,
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thereby operating the display device, through which
the teaching materials are presented to the students,
and then the control circuit reads and judges the re-
sponse from the students, determines the program to be
executed in the next place according to the judged
result, and sends a request to the program-feeding de-
vice for the supply of necessary program.
The control circuit also comprises a memory device
for storing both the programs supplied from the pro-
gram-feeding device and the information showing the
learning process, which information is obtained as a
result of execution of the given program, and a logic
circuit for sequentially decoding the supplied programs
and. controlling the device in response to the corre-
sponding order indicated in the program. According to
the invention, the memory for temporarily storing the
program in not needed depending on the type of the
program-feeding device. | -
 The other object, features and advantages of the
invention will be apparent from the following detailed
description when read in conjunction with the accom-
panying drawings: | - |

FIG. 1 is a block diagram showing the fundamental
arrangement of a device of this invention,

FIG. 2 is an external view showing a device of this
invention, - . | . o

FIGS. 3a-3d formats of the orders used fofr the pur-
pose of this invention; and | .

FIG. 4 is a block diagram showing an embodiment of
this invention. - -

Referring to FIG. 1, there is shown the fundamental
arrangement of a device of this invention. The terms
“step”’, “order” and “program’ used in this specifica-
tion are defined as follows..

Step

A step is a cycle in the process repeated for advanc-
ing the education using a teaching machine. Three
steps are used where . ' |

1. the device presents a teaching information to the
student, |

2. the student responds to the given information, and

3. the device judges the student’s response and deter-

mines the next teaching material based on the juded
result.

Order

An order is control information for the function ele-
ments which organize a teaching device to perform
specific operations.

Program

‘A program is a group of orders for the entire teaching
device to perform specific operations for educational
purposes. |

The device of FIG. 1 comprises a program-feeding
device 1, a display device 6, and a keyboard 20, and a
contro! circuit 100. |

The -supply of programs from the program-feeding
device can be considered as an order or step. For ex-
planatory simplicity, the program supply is hereinafter
considered as a step.. |

The individual components of the device of this in-
vention will be described below.

Program-feeding Device 1

This device is provided with a memory device capa-
ble of storing all the programs of one text or a plurality



3,999,307

3

of texts and is operated to send out the program corre-
sponding to one step in response to the request from
the control device 3. The program for a specific step is
selected from among all the programs stored in the
memory device. This is done in a known ‘manner-
namely, by designating the identification given to the
program of each step or by designating the address of
the memory device, at which address the necessary
program is stored. For a so-called branch instruction; it
is necessary for the program-feeding device to have a
function (i.e., random access function) permitting arbi-
trary readout of the stored program at a hlgh Speed
regardless of the order of program storage.
One of the known program-feeding devices may be
- used. For example, the simplest program-feeding de-
vice employs a tape or card as the program storing
medium, and a tape reader or card reader is used to
feed the program. This type of program-feeding device
1s not suited for application where highly versatile edu-
cational operation is essential, because it is difficult for
this device to have a random access function. However,
this program-feeding device is applrcable to simple
educational operation. | -
Aecordrng to this invention, a high-speed large-
capacity memory such as a drum or disk may be used.
Because of large capacity and hlgh speed random ac-
cess function, this type of memory is suited for applica-
tions where many teaching devices are connected to
one memory, and programs are supplied to the mdmd-—
ual teaching devices on a time-sharing basis.
According to this invention, a typical electronic com-
puter may be used for the program-feeding purpose. In
this case, the core memory or peripheral memory of the
computer 1s used for storing the program, and the pro-
gram selection logic is done by the computer software.
Furthermore, a magnetic tape device may be used

wherein the program is read from the tape. ‘Also, the

invention allows for the use of a device in which the
code expressing the program is printed on a slide, and
the program is read from the slide by optoelectric scan-
ning.

~In short, what is essential for the program-feeding
device 1s its capability of storing all the programs and
selecting the program for one step in response to a
request from the control device 3. Thus, this program-
feeding device can be easily realized by those skilled in
the art.

Display Device 6

This device presents the necessary teaching materials
to the students in the form of characters, figures or
voice. Practically, various types of printers and CRT
display devices are used for the character display. Also,
a slide projector may be used for displaying characters
or figures, and a tape recorder may be used for presen-
tation of voice. Typically, there are two types of display
devices; a device such as slide projector and tape re-
corder In which the information to be displayed is
stored, and a device such as printer which needs the
supply of information from an external source. In the
former type, the control device 3 designates the frame
number of the slide which contains the information to

be displayed or the frame number of the voice tape. In
the latter, the information to be displayed is supphed

Contrellm g Devrce 3

From thns devrce the 51gnal designating the program
is sent to the program-feeding device 1 according to the
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4

response from the student, and also, the program sup-
plied from the program-feeding ‘device 1 is sent to the
memory device 3. The control device reads the mem-
ory contents and supplies the display device 6 with the
signal which- designates the teaching material to be
presented to the student. Thus the controlling or simply
control device 3 controls the exchange of orders and
information from the program-feeding device 1, mem-
ory devrce S, display device 6 and keyboard 20

| Memory Device §

ThlS device stores the program supplied from the
program-feeding device 1 through the control device 3.
Also, this device 1s used for temporarily storing various
information produced as a result of program execution.
To perform these operations, the memory device 5 has
both read and write functions. For this purpose, a core
memory or register array may be used. The program
execution starts upon transfer of the program to the
memory device 5. The program is executed in such
manner that the orders comprised in the program are
sequentially read out from the memory device § to the
control device 3, the control device decodes the read
order and sends a control signal to the corresponding
device according-to what is indicated by the order, or
supplies necessary -information to the corresponding
device to make this device perform a specific opera-
tion. The program request from the control circuit 3 to
the program-feeding device 1 is the result of the corre-
sponding order executed by the control circuit 3.

' Keyboard 20 and Its Peripheral Devices

The student makes his response through the key-
board 20. The keyboard 20 is equipped with message
keys 21 through which the student sends his message |
such as an answer, response keys SW1, SW2,...SWm
for discriminating the king of the student’s response

and for indicating the termination of the student’s re-

sponse, and a key CAN for requesting cancellation of
an input message. The message keys 21 bear letters,
numerals, special symbols, etc. as needed. When a
student depresses one of these keys, the code corre-
sponding to the character assngned to the depressed key
1s sent out. Ths student selects in sequence the charac-
ters on the message keys and pushes them, thereby
forming the necessary answer or message to be sent to
the instructional device.

When the mstructional device is in a state of waltmg
for the response from the student, the flip-flop F is set
by the control device 3, through line 9 and the AND
gates 13 through 18 are opened. Therefore, the charac-
ter code from the message key 21 is supplied to the
buffer register 10. This buffer register 10 consists of an
array of register capable of sequentially storing the
supplied character codes. The number of characters
(1e., the length of a message) which can be inserted at
each response is limited according to the memory ca-
pacity of the buffer register used. In this example, the
buffer register 10 is an element provided separate from
the memory device 5. It is apparent that part of the
memory device § ‘may be used in place of the buffer
register 10.

The key CAN is used when the student desires can-
cellation or modification of his once 1nput message. By
depressing the key CAN, a reset signal is supplied to
the buffer register 10 by way of AND gate 13 and OR
gate 12, whereby all the messages which have stored
are cancelled. At the same time, the buffer register 10
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- 1s reset to the initial state and is ready to store m se-
~ quence newly received messages.”

When a printer or CRT display device is used for the .
display device 6, a given message is stored in the buffer

register 10 and sent to the display device 6 whereby the

message 1s display on the display device 6. Therefore,

- the student can confirm his.input character and con-
tinue his message input procedure. Namely, ‘the stu-

dent’s input message is fed back for: confirmation by

‘himself, and the input message can:be cancelled or
modified. These functions enable the student to confi-
dently converse with the instructional device. In FIG. 1,
the connection for applying the message input to the

display dewee 1S not shown for the sake of explanatory

simplicity.” S - |
When the student has completed hrs response he

selects and depresses one of the response keys SW1,

SW2, ... SWm, to inform the device of the end of his
response. Certain necessary meanings are assigned to

the individual response keys. For example, a certain

s stopped Namely, “time-up”

6

18 treated as a kind of
student’s response, and the student’s response in this

| -___'step 1s terminated.

‘As described abve, when a student depresses the

“response key or the time is up, the student’s response is

- finished and the flip-flop F is reset, and any further

student’s response is neglected. In this state, the stu-

~ dent’s input message is stored in the buffer register 10,

10

and the type of student’s response is stored in flip-flop
S1,82,...Sm and TU. The contents of the counter 11
lndlcates the time taken by the student’s response. The

~end of the student’s response is informed to the control

20

key indicates the end of response, another key ex- |
presses the request for a hint, and another key for re-

questing the solution. What meaning is to be assigned
to each key depends on the method of education estab-
lished by the instructional device. Practically, the key
expression is arbitrarily determined by the instructor
programmer. The response key is used in two ways; the
response key 1s used independently where the response
key directly indicates a response such as for the request
for a hint of for a solution, or the response key is used
in combination with the message key. In this case, the
Kind of response is discriminated by the use of a re-
-sponse key, and the detailed contents of the response
are expressed by the message key 21. For example
when the student sends an answer, the answer is in-
serted by way of the message key, and the response key
1s used to indicate that the given information has been
an answer. When the student makes a request for a
reference teaching material, the name of the teaching
material i1s inserted by the message ltey, and the re-
sponse key is used to indicate that the input has been a
request for a reference teaching material. o
-When one of the response keys is depressed a set
signal Is sent out by way of the corresponding one of
the AND gates 15, 16, . .. 17, whereby the correspond-
ing one of the flip-flop S1, §2, 83, ... Sm is set. As a

result, a signal appears on the signal line 23 via the OR
gate 22, to reset the flip-flop F. At the same time, the
control device 3 receives an indication that the re-

sponse is over. When the flip-flop F is reset, AND gates
13, 14 .

.18 are closed, the student’s response is no
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longer aecepted no clock pulse is supplied to: the
counter 11, and count of the student S response time 1s

stopped.
Before the response key 1s depressed the student S

55

response time is counted by the counter 11. In this

operation, if the limitation on the response time is des-

ignated .by a pause order, the contents of the counter

11 are sent to the control device 3 via the cable 24,
whereby the contents of the counter 11 are compared

60

with the set value of limited time. When the two values
are coincident with each other before the response key
1s depressed, the limited time is up and a signal is sent |

out via the signal line 25, to set the flip-flop TU. The
output of the flip-flop TU resets the flip-flop F via the

S2, .

65
OR gate 22, as in the case of output of the flip-flop S1,
.. Sm. When the flip-flop F is reset, the student’s
response’is-inhibited and the count of the response time

device 3 via the OR gate 22 and signal line 23.

The major components as shown in FIG. 1 have been
described above. This lnstructlonal devrce is operated
in the followmg manner.

“As described above, the memory device 5 stores the

'program corresponding to ‘one step. During one step,

the device as shown in FIG 1 executes the fo]lowrng
functions. | | N

1. presentatlon of necessary teachmg lnformatlon to
the student ; :

2. waiting for a response from the student

3. acceptance of the student’s response

4. judgement and evaluatron on the student’s re-
sponse | I |

5. request for a suitable program of the next step
according to the result of (4).
- ‘To designate these operations, four types of orders
are provided as summarized below.
- a. Presentation order. |

This order makes the display device supply an in-

.. struction and presents this lnstructlon to the student.

b. Pause order.

- This order makes the device wait for the student’s
response and ready to receive the student’s response.
When 1t is desired to count the time required for stu-
dent’s response, the ttmer is actuated by execution of
this order. |
~ ¢..Judge order .

- This order consists of a group of orders used for
Judging the result of the student’s response or for
branching the program according to the result of evalu-
ation on the learning process. More spec1fically, this
order comprises: an order for comparing the answer
from a student with the expected answer and for
branchmg the program according to the result of the
comparison; and order for the arithmetic and/or logical

‘Operation necessary for evaluating the result of study,

such-as for calculating the mark or a student; an order
for storing the result of the evaluation in the memory
device; and an order for judging the data stored in the
memory device, the contents of the registers and the
state of a flip-flop.

d. Request:order

- This order is for providing mformatlon to make a
request for a program supply from the program feedlng
device 1.

A program is composed of a sultable combination of
the above orders so-that the device performs specific
operations. In principle, the program is set up so that
the orders (a), (b), (c) and (d) are executed i this
sequence. -

The execution of the program stored in the memory
device 5 starts. Usually, the presentatlon order is first
executed. When the presentation order is read, one of

~ the display device 6 which is designated by the order is

designated by the control device. 3. The designated

F TR I A
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display device thereby_ displays the tea_ching material or

information designated by the order. Namely, the:sig-

nal designating the information to be presented is sent

from the control device 3 to the designated display
device via a cable 7. At the same. time, the control

device 3 sends a control signal to the designated display
device to actuate this display device. The display de-
vice. performs a specific operation based on the given
signal and presents the designated information to the
student. The end of this operation is informed to the
control device 3 via a cable-8. When the presentation
of.the designated information-from a specific display
device 1s completed, the execution.of this presentatlon'
order i1s terminated. R .

‘Then the control dewce 3 starts executmg the next
order When this order is another presentation order on
another display device, the control device performs the
same operation as above on the correspondlng dlsplay
device. S

‘When the execution of a series of presentatlon orders
necessary for the corresponding step is completed, the
pause order follows next. The pause order brings the
instructional device into a state of waiting for the stu-
dent’s response and to make the device ready to accept
the student’s response. When it is necessary to limit the
time required, for the student to make a response; the
value of the limiting time 1s de51gnated by this pause
order. - | —_ |
‘When the pause order is read out the control device
3 delivers a signal via the signal line 9. By this, the
flip-flop F is set, the buffer register 10 temporarily
storing the student’s message is;lre_set via the OR gate
12, and the flip-flop-group S1, 82, . .. Sm, TU and the
counter 11 are reset. When the ﬂlp-ﬂop F 1is set, the
AND gates 13 through 18 are partially enabled, and the
buffer register 10 and flip-flop group S1, S2, Sm and

TU are made ready to accept the student’s response.:

The clock generator 19 generates a pulse at certain
definite time intervals. When the gate 18 is opened by
the signal from the flip-flop F, the pulse from the clock
generator 19 is introduced to the counter 11, whereby
the pulse 1s counted.. The contents of the counter 11
indicates the time lapse from the begmnmg of execu-
tion of the pause order. -

The student makes a response by depressmg the key
on the keyboard within a specific time interval. The
student’s procedure for this operation is as described
above. The end of the student’s response 1s informed to
the control device 3 via the OR gate 22 and and signal
line 23. Thus, the execution of pause order is termi-
nated. - : - o
- Then the control devnce 3 goes over to the next or-
der. Usually, the judge order follows the pause order.

The judge order comprises: and order for judging the
given student’s response or the data indicating the pre-
vious study process stored in the memory device § and
for branching the program in the memory device §
according to the result of judgement; an order for cal-
culating the mark, the number of responses, the num-
ber of wrong answers, the evaluation on the result of

study, etc,; an order for storing in the memory device §,

the data indicating the study process obtained as the
result of the above calculation. -

The. purpose of the: program branch order based on
the student’s response in to check the contents stored
in the fhp-ﬂops S1, S2,...Sm.and TU, the message

stored- in the buffer reglster_ 10 and, if necessary, the

response time stored in the counter 11. The order for
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judging the flip-flops S1. S2, ... . Sm, Tu is to discrimi-
nate the kind of response, and to branch the program
according to the discriminated result. To execute the
order. for judging a message, the message stored-in the
buffer register 10 is read. out character by character,
and the read:data is collated with the expected answer
which has been - prepared in the memory . device 5.
When the collation results in a perfect coincidence, the
program is branched. When the program branching is
desired according to the response requiring time, the
contents of the counter 11 are transferred to the con-
trol device 3 via. the cable 24 and then are treated as
data for judgement. .

Other orders for evaluation and mclude an order for
arithmetic and/or logical operation on the data stored
in the memory device § and an. order for judging the
result of the arithmetic and/or logical operation and for
branching the program. By the use of these orders, it is
possible: to calculate various values indicative of the
study process such as, for example, marks, the number
of correct answer and the number of wrong answer. It
is-also possible to branch the program with reference to
the study process.. Thus, according to the invention, a
highly versatile educational approach can be realized.
For the usual instructional operation, a small number
of simple judge orders will suffice. For example, the
judge order includes an order for additional/subtrac-

. tion of integers, and an order for judging whether the
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calculated result is positive zero or negative and for
branching the program. If necessary, other judge orders
may be used to meet specific requirements. -
-The request order is executed as the last one-step
program. The request order is to provide the informa-
tion which designates the program to be supplied in the
next place from the program--feeding device 1:or pro-

“vide the information which designates the next opera-

tion the program-feeding device ought to perform,

- The one step program comprises as many: request
orders as the number of selection branches of the in-
struction ' procedure expected in the -corresponsing
step. Among those request orders, only one is selected
and executed as the result of program execution. When
the program-feeding device 1 has only the function of
supplying the program corresponding to the next step,
the information sent to the program-feeding device is
the information which designates the program to be
supplied..in the next place. In this case, when the re-
quest order is executed, the control device 3 takes the
state of waiting for the next program supply from the
program-feeding device 1. While the program-feeding-

‘device .1 searches the designated program and sends

out this program. By this operation, the instructional
device. is ready to execute the next step program, and
will repeat a series of the foregoing operations. -

In the above instructional device, a typical electronic
computer may be used-as the program-feeding means.
When a computer is used, the information sent to the
computer according to the request order not only has
information designating the program of the next step
but also various information which designate data pro-
cessing to-be performed by the computer. The com-

- puter discriminates the given information and performs
‘ 'adequate processmg operatnons in response to the re-
‘quest. | | -

65 |

In thls operation, the purpose of the computer is: to
supply the next step program to the:instructional ‘de-
vice. Another important purpose of the computer is to
read various-information obtained in the ‘instructional
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device as the result of execution of the previous step
program and to process the corresponding data In re-
sponse to the request. The data which can be read by
the computer include the student’s Input message
stored in the buffer register 10, the kind of student’s
response stored in the flip-flops S1, S2, Sm, Tu, and the
evaluated result stored in the counter 11, The data to
be read is designated by the computer. The control
device, when given the read designation from the com-
puter, reads out the corresponding information from
the suitable memory and transfers the read information
to the computer. |

When it 1s necessary to feed back the result of the
computer processing to the student, the program 1s to
be arranged so that the fed-back, mfermatlon IS sup-
plied from the display device. -

The advantages expected by the best use of the com-
puter capabilities are as follows.

1. The student’s study process 1s recorded and
processed, whereby useful data for further
educational guidance can be extracted and
various data for educational management can
be obtained. -

2. The computer is used for processmg complicated
data which can hardly be handled within. the scope of
the orders prepared for the instructional device alone,
and thus a hlghly effective mstructional approach can
be realized. S .

3. Students can arbitrarnily utihze the lnformatlon
stored 1n the computer. o

4, The computer capabilities can dlrectly be utlllzed
For example, the student himself may write a computer
program, call various routines prepared in the com-
puter, ask for a samulatlon or make a request for com-
putation.’

The fundamental arrangement and operatlons of the
instructional device of this invention have been de-
scribed above. An embodiment of the invention will be
now described in detail. - -

Referring to FIG. 2, there is shown an external view
of the arrangement wherein a computer 18 used for the
program-feeding device.

In this example, a slide projector w1th a random ac-
cess function, a printer and a tape recorder with a
random access function are used for the display device.
In FIG. 2, the reference 27 denotes-a screen for display-
ing a teaching material by slide projection. The referen-
ces 28 and 29 represent part of the printer; 29 a paper
tape on which characters are printed, and 28 a type-
writing wheel for printing characters on the paper tape.
The paper tape is transported from the left to the right
to a distance of one character at each printing. A line of
characters are printed on the paper tape. The voice
from the random access tape recorder can be picked up
by the earphone 35. The student’s response is made by
means of message keys 21, response keys 30 and key
CAN on the keyboard 20. The student form a message
such as answer by selecting the message keys. The
student, when sending out his message, selects the re-
sponse key 30, thereby informating the end of response
and designating the kind of response at the same time.
A message, once given, can be cancelled by the use of
CAN key and another input can be set by the student
before depressing the response key 30:. The message
key is interlocked with the printer. Therefore, the input
character is printed on the paper tape 29 and fed back
to the student for confirmation. The meaning assigned.
to each response key can be arbitrarily determmed
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according to the method of instuction employed. The
program is set up so that the device is operated com-
forming the assigned meaning.

The random access slide projector, the main unit of
the random access tape recorder and the mechanical
part of the printer are housed in the cabinet 34. Ac-
cording to the invention, a conventional slide projec-
tor, tape recorder and printer may be used. Hence,
further description of these components is omitted In
this specification. Reference numeral 31 denotes a
cable connecting the instructional device and the com-
puter, and 35 a power switch. This switch has another
function of resetting the individual component devices
to an initial state.

The control circuit of this mstructmnal device 1S
housed in the cabinet 34. The control circuit will spe-
cifically be described below.

FIG. 3 illustrates the orders used for the instructional
device of this invention. In this device, the information
is handled per word unit consisting of 16 bits. One
order is made up of one word to several words. The
beginning 3 or 4 bits of the first word of an order are
the place assigned to the order code by whleh the kind
of order ts indicated. |

FIG. 4 shows a control circuit embodying the inven-
tion. The meanings of the orders shown in FIG. 3 will
be described in connection with the operation of the
control circuit in FIG. 4. |

In FIG. 4, the memory device S is a typical core
memory having locations arranged in one word (16
bits) unit. The memory location is designated via ad-
dresses assigned to the individual memory locations.
The address assignment is in the order of arrangement
of memory locations in the memory device 3, such as
address 1, address 2, The program is always stored In
sequentially from the address O and, therefore, the
program execution is started from the address O. The
program is executed in succession In the storage order
until the program branch is designated by the order. In
FIG. 4, the control signal generator circuit 36 generates
a timing signal which controls transfer of information
among the elements organizing the control circuit. The
control signal generator 36 also generates a control
signal for controlling said elements of the control cir-
cuit to perform specxﬁc operatlons For explanatory
simplicity, FIG. 4 shows an express:on placing an 1m-
portance on the flow of information in connection with
the operation of the control circuit. To this effect, the
matters related to control operation are referred to by
simple expression or omitted. The detailed diagram-
matical expression for the control signal generator

~circuit 36 is omitted but to the degree sufficient for

those skilled in the art to understand its details by the
aid of the following description.

In FIG. 4, the address in which the order to be exe-
cuted next is stored in the register AR1. This register is
structurally a counter.:When a pulse signal 1s applied to
its terminal C, 1 is added to the contents of the register
AR1L. An order is executed in the following manner.
First, an order is read from the memory device 5. The
control signal generator changes to the order read
phase, thereby sending a signal C6 to the reset terminal
R of the memory buffer register MBR to reset this
register. At the same time, in order to supply the con-
tents of ARI as an address signal to the memory device
5, the control signal generator supplies a signal Cl,
thereby opening the gate 37. As a result, the address
signal reaches the memory device S via the OR gate 38.

T s
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In the practical circuit, the address is designated by a
plurality of bits and, hence, the signal line and gate are
provided as many as the number of bits, For the sake of
simplicity, one representative signal line and gate are
depicted. Similarly, the other circuit -elements are sim-
plified for explanatory convenience. Of course, each of
the signals C1-C18 is provided by the control signal
generator in order to supply the respective enabling
signals. In some cases, the connection for the control
signal 1s not shown as in C1 and C6. - R
When the address of the order is determined in . the
above manner, the control signal generator 36 delivers
an information read signal READ to the memory de-
vice 3. As a consequence, the memory device 5 per-
forms an information read operation. The read infor-
mation 1s stored in MBR via the cable 39 and OR gate
40. Immediately, the contents of MBR ‘are given to the
bus 41. When the information read from the memory
device 5 is a non-destructive read-out, the control sig-
nal generator 36 delivers a write signal device 5. By

S
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this, the read by MBR is written again in the same

address. When the order is read by MBR, the signal C3
1" supplied and the gates 42, 43 and 44 open. As a
result, the first 4 bits of the order, as shown in FIG. 3,
are set in the register OR, the following 4 bits in'the
register DVN and the remainder 8 bits in the subtrac-
tion counter COUNT. At the same time, a pulse is sent
to the signal line 45, and the address stored in AR1 is
increased by 1. Thus the order read phase operation in
the control signal generator 36 is completed, and the
order execution phase is started. e

The order code stored in the register OR is supplied
to the control signal generator 36 via the signal line 46
and 1s decoded by the decoder (not shown diagramati-
cally), whereby the order is discriminated. Then a spe-
cific control operation is performed according to the

kind of the order. How the instructional device of this -

Invention is operated at the individual orders shown in
FIG: 3 will be described below. o

In the format of presentation order as in FIG. 3 (a),
the initial 4 bits of the first word indicate the order
code, and the following 4 bits DVN designate the dis-
play device which is to present information. For this
display, a slide projector and tape recorder are used.
The patterns 0001, 0010 and 001! are assigned to
DVN. The remaining 8 bits designate the word length 1
of information to be sent to the display device. This
information is stored immediately after the word indi-
cating the order and is sent to the display device as a
word unit. The information designating the display
device is set in the register DVN, and the word length
1 in the subtraction counter COUNT. When the execu-
tion of a presentation order starts, the control signal
generator 36 reads the information of the first word
from the memory device 5. Since the contents of AR1
include a 1 which was added at the end of the order
read pulse. AR1 indicates the address of the informa-
tion to be read. The control signal generator 36
supplies signal to input C1 as in the order read phase, to
open the gate 37, supplies the address of AR1 to the
memory device S and sends out a READ signal. The
read information is set in MBR. This signal appears on
the bus 41. The control signal generator delivers a
WRITE signal in order to effect a rewrite operation.
Then the control signal generator sends-a pulse to the
signal line 45, thereby increasing the contents of AR1

by 1. Thus, the control signal generator is ready for the

next information read operation. When information is
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read by MBR and sent out to the bus 41, a strobe signal
for Initiating a read operation on the information sent
over to the bus 41 is delivered from the control signal
generator 36 to the display device designated by regis-
ter DVN. At the same time, a pulse is supplied via the
signal line 47 and OR gate 48, whereby the contents of
the counter COUNT are decreased by 1. In this state,
the contents of the counter COUNT indicate the word
length of the remaining information. The strobe signal
1s applied to the terminals ST1, ST2 and ST3 of the
printer PTR, slide projector RAS and tape recorder
RAA, respectively. Each display device, when given
this strobe signal, starts taking the information present
on the bus 41. The information sent to the display
device 1s a character code designating the character to
be printed (in the case of printer) or a number desig-
nating the frame to be presented (in the case of RAS or
RAA). When the display device is in operation, the
control signal generator is in the state of waiting for the
end of the operation of the display device and does
nothing. When the operation of the display device is
completed, a signal (TERM1, TERM2 or TERM3 for
the typewriter, RAS or RAA, respectively) indicating
the end of an operation is supplied to the control signal
generator 36. When this siganl is supplied, the control
signal generator repeats the same operation as de-
scribed above if the contents of COUNT are not 0, in
order to transfer the succeeding information. When the
contents of COUNT equal O, this means that the exe-
cution of the corresponding presentation order is over.
If so, the: operation goes over to another order read
phase for read out of the next order.

In the format of the pause order as shown in FIG. 3
(b), the beginning 3 bits of the order word indicate the
order code, and the fourth bit T indicates the designa-
tion as to whether the time required for the student to
make a response is limited or not. When T is O, this
Indicates no limitation. On the other hand, if T is 1, this
Indicates a limitation. The value of the limitation time
Is designated by the remaining 8 bits in second unit.
The time designated by 8 bits in 255 seconds maxi-
mum. If a longer limitation time is desired, it is neces-
sary to Increase the number of bits and also to increase
the number of bits of the counter COUNT.

‘When the order is read, the limited time value is set
In the counter COUNT. When the control signal gener-
ator 36 enters the order, execution phase, the signals
C4 and CS are generated. By the signal C4, the flip-flop
F 1s set, and the flip-flops S1, S2, . . . TU and the
counter 11, which is to count the response requiring
time are reset. When the flip-flop F is set, the AND
gates 14, 15, 16,17, 18 and 51 are partially enabled to
accept the input character code from the message key
21 and also the input signals from the response keys
SW1, SW2, SWS8. The pulse of a one second interval
generated from the clock generator 19 is applied to the
counter 11. By this, counter 11 starts counting the
response-requiring time. At the same time, this pulse is
delivered to the AND gate 50. When the fourth bit of
the register OR is 1 and the limitation on the response
time is designated, the pulse is applied also to COUNT
since the AND gate 50 is opened via the signal line 49.
Thus, each time the pulse is sent in, the contents of
COUNT are decreased by 1.

- By the signal CS§, the AND gate 53 is opened via the
OR gate 52, and the fixed address provided from the
fixed ‘address generator circuit 54 is set in AR2. This
embodiment employs the method in which the fixed
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region of the memory. device 5 is used as the buffer
memory for storing the: student’s input message. The
fixed address generated by the fixed address generator

54, 1s the head address of this fixed region.

The above operation makes the device ready to ac- |
cept the student’s response. When a:student depresses.

3,999,307

one of the message keys, the corresponding character

code is sent to MBR via the AND gate 14 and OR gate

40 and then 1s set therein. At the.same time, a pulse -

signal, indicating the key timing is generated from the

message key 21 and sent to'the control signal generator

36 via the gate S1. Accordingly, the control signal
generator performs its'operation, so that the character

code stored in MBR is transferred to a specific location
of the memory device 5 and that the character code is
sent to the printer for printing the character for confir-

10

14

If the time has elapsed under the condition of limited
response time, the following operation is performed.

- The control signal generator monitors the contents of

the subtraction counter COUNT. When a O content of
COUNT is detected before the student depresses the
response key, the control signal generator supplies a
signal to input C12 to set the flip-flop TU. By this, a
signal appears on the signal line 23 via the OR gate 22.
Then the same operation as in the case where the re-
sponse key is depressed is performed. The operation

 under the Judge order as ln FIG 3 (c) will be descrlbed

- below.

15

mation by the student. To do. this, the control signal

generator sends out a signal C2 to partially enable the

AND gate 55, whereby the contents of AR2 are sup-

plied as an address to the memory device 5. 'Then the
control signal generator generates a- WRITE signal to

make the memory device 5 store the character code of .

MBR 1s the given address. After this operation; a pulse
signal 1s sent out via the signal line 56, whereby the
contents of ARZ are increased by 1. As a result, the

20

25

contents of AR2 indicate the address in which the suc-
ceeding character code is -stored. Also, a strobe signal |

ST1 is supplied to the printer. Then the. printer takes

the character code presented over the bus 41 and prints
out the corresponding character. The above operation
1s repeated as the student depresses the message keys in
succession. Thus the character codes are stored orderly

30

in the fixed region of the memory §, and the student S

input characters are printed on the printer. .

The key CAN is depressed when the student desxres
to cancel his input message. The signal from the key
CAN opens the gate 53 via the OR gate 52 whereby the

fixed address of the fixed address generator 54 is set in

the AR2 and the mitial state is restored.
The end of student’s response is effected when the
student depresses one of the response keys SW1, SW2,

When the student depresses the response key, one of
the corresponding flip-flops S1, S2, ... . S8 is set. The
output of these flip-flops appears on the signal line 23
via the OR gate 22. This output is then transmitted to

the control signal generator 36, and the flip-flop F is

35

The load order 1s the crder whlch designates that the
information stored in the address designated in the
address part of the order word 1s transferred to the
accumulator ACC. When this order is executed a pulse
signal is sent to C10 and C14 from the control signal
generator 36. By the pulse signal of C10, the accumula-
tor ACC 1s reset. As a result, the mput data applied to
the input terminal 60 on the side of the adder circuit 59
becomes O, and as a result of the pulse signal at C14,
the AND gate 62 is opened. The control signal genera-
tor 36 supplies a signal at C2 to partially enable the
gate 55, and supplies the address of AR2 to the mem-
ory device 5. At the same time the control signal gener-
ator generates a read signal, thereby reading the corre-
sponding data for MBR. Then the control signal gener-
ator generates a write signal to rewrite the data. At the

moment the data is read out to MBR, a signal is sup-
plied to C7 and the gate 63 is opened. As a result, the

read information is applied to the input terminal 61 on
the addend side of the adder circuit 59 via the OR gate
64. In this state, the input data applied to the input

) termmal on the summand side is O and, consequently,

the output of the adder circuit is the same as the infor-

 mation read from the memory device. Upon comple-

40

. SW6 or when the limited response requiring time is

45

reset. By this, the gates 14, 15, 16, 17 and 18 are closed

and'any further student input is not accepted At the
same time, ccuntmg of the response requmng tlme 1S
stopped | B - | -

~ When the control srgna] generator 36 recewes the
response-end signal from the signal line 23, the control
generator performs the operation for storing the end-
code indicating the end-of-message in the place next to
the memory location of the memory device §, in which
memory location the last character code is stored. For

this operation, the control signal generator generates a
60

signal C13, thereby opening the AND gate 57, and
operates so that the end-code generated by the end
code generator 58 is set in MBR via the OR gate 40.

Then the control signal generator sends out a signal
C2 and write signal to. the memory device §, whereby

the end code is stored in the specific place. Thus the
execution of a pause order is completed, and the con-
trol srgna] generator goes over to the cperaticn of order
read phase for reading the next order. |

"L
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tion of operation of the adder circuit, the control 51gnal
generator sends a pulse signal to C9, thereby opemng
the AND gate 65. Then the resultant information is set

in ACC. Thus, the execution of a load order is com-

pleted and the control circuit 36 goes over to the oper-
ation of order read phase for reading the next order.

‘The store order is to de51gnate the storing of informa-
tion of the accumulator ACC in the address indicated
by the address part of the order. This order is executed
in the followmg manner. A pulse signal is sent to C14,
the gate 62 1s opened and the address part of the store
order in MBR is transferred to AR2, as in the case of
load order. Then a pulse signal is sent to C11 from the
control signal generator 36, and the AND gate 66 is
epened whereby the contents of the accumulator ACC
is set in MBR. After this eperatlon a signal is sent to
C2, the address of AR2 is supplled to the memory
device 8, and a write signal is delivered, whereby the
necessary write operation performed.

The add order 1s to designate that the numerical data
of the address indicated by the address part of the orfer
is added to the contents of the accumulator ACC, and

the result of this addition 1is set in the accumulator

ACC. This order is executed in the same manner as the
load order, except for the following point. In the load
order, a pulse signal is sent to C10 before hand, thereby
resetting ACC,; whereas, in the add order, this opera-
tion is not perfcrmed

As a consequence, the contents stored in ACC are
applled drrectly to the summand side input terminal 60
of the adder c1rcu1t 59, whereby the necessary addition

e
"ll.
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1s operated. In the add order the value 1S expressed n
terms of the complement of 2. :

"The subtract order is to' designate- that the value
‘stored in the address indicated by the address part. of

accumulator ACC, and the subtracted result is set in
ACC. This order is executed in the same manner as the
add order, except for the following point. Namely, in
the add order, a signal is supplied C7 and the value of
MBR is applied directly to the adder circuit, whereas,
In the subtract order, a signal 1s supplied to C8. As a
result, the value (1,0) of MBR is inverted every bit via
the inverter 67 and then applied to the adder circuit §9.
The signal C8 is applied as a carrier to the terminal of
carrier input to the lowest digit of the adder. Thus, a
necessary subtraction operation is performed. .

. The arithmetic result judge order is executed to judge
whether the information (in terms of value) stored. in
the accumulator ACC is negative, zero or positive and
to branch program execution to the addesss designated
by the address part of the order word. The bits S, E and
G of the order word are used to designate the branch
condition. When 1 is set, this shows that program exe-
cution is branched under the condition that S is nega-
tive, E 1s zero and G 1s positive. S, E and G may be
designated iIn an arbitrary combination. The output of
ACC is always applied to the judge circuit 68. The 1
output is delivered to the signal lines 69, 70 and 71

according to whether the value of ACC is negative,

zero or positive. More concretely, the judge circuit 68
1s arranged for the following operation.
Normally, in the accumulator ACC, the most srgnlfi-

cant bit represents the sign. When the bit is 1, its value

Is negative. When it is O, the value is non-negative.
Hence, the output of the most significant bit appears
directly as the output of the signal line 69. The negation

output of all bits of the ACC after the AND . logic is the

output of the signal line 70. The AND logic between
the negation output of the most significant bit of the

16

‘whether the designated flip- flop is set, accordmg to the
‘signals present on the signal lines 73 and 74. When the
flip-flop is found' set, the control signal generator

~ judges that the branch condition is satisfied, thereby
the order is subtracted from the value stored in the 5 supplying a signal to C15, and -opening the gate 72. As
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ACC and the negation output of the signal line 70 sends 40

the output on the signal line 71. At the beginning of
execution of the order, the data of S, E and G desig-
nated by the order are stored in the register DVN. The
control signal generator is operated for logical compar-
ison between the designating conditions of S, E, G and
the signals of the signal lines 69, 70 and 71, respec-
tively. When both of them are 1 and any coincidence
exists between them, this is judged that the branch
condition is satisfied. If so, the control signal generator
- sends a pulse signal to. C135 to open the AND gate 72.
As a result, the branched address stored in MBR is set
in AR1. Thus the execution of this order is comp]eted

45

30

If the branch condition is not established, the executlon

of the order is immediately terminated. :

The response judge order is executed, to judge
whether the flip-flops S1, S2, S8, TU and the flip-flop
CR are set. (The flip-flops S1, S2, S8 are to be set as the
result of the student’s response, and the flip-flop Cr is
set according to the result of execution of the message
judge order.) When these flip-flops are set, the re-

55

a result, the address part of the order stored in MBR is

set in AR1, and the execution of order. is completed. If
the flip-flop is not set, the executlon of this order lS
tmmedlately terminated. --

The message judge order is executed so that the stu-

dent’s input message. stored in'the fixed region of the

memory device-5 is logically compared character by
character, with the expected message given by the
order-and, when coincidence is present in all the char-
acters, the ﬂlp-—ﬂop CR is set and it not, the. ﬂlp-ﬂop
CR IS reset.-

- THe expected message is stored: followmg ‘the first
place of the order. The number (m) of characters of
the message is indicated in the order word. In the stage
where the order is read out, the number (m) of charac-
ters to be compared is set in the subtraction counter

COUNT, and the address of the first character of the

expected message is stored in AR1. When this order is
read, the control signal generator 36 sends a pulse
signal to the signal line 75 to set the flip-flop CR. At the
same time, the control signal generator sends a pulse
signal to CS§ to open the AND gate 53 via OR gate S2.

As a result, the first address in which the student’s mput
message is stored is set in AR2. (This first address is
provided from the fixed address generator circuit §4).

Thus, the circuit is ready for operation of character-b'ye
character logical comparison. Forst, a signal is sent to
Cl1, the gate 37 is opened, and the contents of AR1 are
supplled as an address to the memory device 5. Then
the same control operatlon as in the load order is per-
formed, whereby one character of the expected mes-
sage is transferred to the accumulator ACC. After this
operation, the control signal generator 36 delivers a
pulse srgnal via the signal line 48§, whereby the address
of AR1 is increased by 1. Then a signal is supplied C2,

the gate 5§58 is opened, and the address of AR2 is given
to the memory device §. Then the same control opera-
tion as in the subtract order is performed, whereby the
character code of the corresponding student’s input
message is subtracted from the character code of the
expected message stored in" ACC. The result of this
subtraction remains in ACC. When this operation is
completed, a pulse signal is delivered via the signal line

‘56 from the control signal generator 36, and the ad-_

dress of AR2 is increased by 1. When the two character
codes are coincident with each other, the result of the
subtraction becomes 0, and 1 output appears on the
signal line 70. If this output does not appear on the
signal line 70, the control signal generator 36 sends a
pulse signal to the signal line 76, to reset the signal line
70, the control signal generator does not operate to
reset the flip-flop CR. Then the control signal genera-
tor generates a pulse signal via the srgnal line 47, to

 decrease the contents of the subtraction counter.

60
sponse judge order is to branch the program to the

address designated by the address part of the order -

word. The numbers O, 1, 2, .
to these flip-flops CR, S1, 82
flip-flop to be Judged IS deSIgnated by placing one of
these numbers in SWN part of the order word. .

In the stage of order execution, SWN 1s set in ;the
register DVN. The control signal:generator judges

.9 are assigned orderly -
. 88 and TU. The

65

COUNT by 1. When the contents of COUNT are not 0

after this subtraction, this shows that there remain
characters to be compared If so, the foregomg com-
parison operation is performed on ‘the suceeedmg char-
acters. When the contents of COUNT is 0, this shows
that the comparison of all the characters is completed.
Thus; the' execution of this order is terminated. |
The unconditional branch order is to desrgnate that

~ the program is branched unconditionally to the address
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indicated by the address part of the order word. When
this order is executed, the control-signal generator is
operated so that a signal is sent to C15, the gate 72 is
opened, ‘and the address part of the order word stored
in MBR is set in ARIL Thus, the executlon of this order
1s completed.

The request order as shown In  FIG. 3 (d) is used
when a request for supply of the next step program 1s
raised to the computer which is a program-feeding
device, or a request is made to the computer to perform
necessary processing. Also, this order is executed to
supply the computer with data for discriminating the
kind of request.

The request order has the same format as the presen-
tation order. In this order, therefore, the control circuit
shown in FIG. 4 is operated in the same manner as in
the presentation order, except that a patter 0100 1s
assigned to DVN to designate operation by the com-
puter. When the computer is designated by DVN a
signal is sent to C16, the AND gate 77 is opened, and
the data of bus 41 is suppled to the computer via the
OR gate 80. The strobe signal which indicates the tim-
ing at which the computer takes in the data 1s applied to
ST4. When the computer finishes reading one word
and is ready to read the additonal data, the computer
sends an end signal via the signal line TERM 4. This
operation is performed in the same manner as in the
presentation order. When the execution of the request
order is over, the control signal generator circuit 36
does not immediately go over to the next order but
waits for an indication supplied from the computer.
During the period the control signal generator 36 halts
execution of the order, necessary information 1s ex-
changed between the computer and the control circuit.
This information exchange is controlled by the com-
mand given from the computer. The control signal
generator 36 decodes this command and performs a
control operation according to the given command.
Three kinds of command are used; the READ com-
mand for the computer to read the study result data
stored on the side of the device, the WRITE command
for supplying programs to the memory device §, and
the START command for starting execution of the
supplied program. The READ command comprises a
command for reding the student’s input message or
data of study result stored in the memory device 3, a
command for reading the contents of flip-flops S1, 82,

. S8 and TU, and a command for reading the re-
sponse requiring time stored in the counter 11. The
command given from the computer consists of the part
indicating the command code and the part indicating
the address.

The command from the computer is sent over the
signal line 81. The timing at which this command is
received by the side of the device is indicated by the
stobe pulse sent via the signal line CST.

By this strobe pulse, the AND gates 82 and 84 are
opened. The part indicating the command code is set in
the register OR via the gate 82, and the part indicating
the address is set in AR1 via the gate 84. Information
transfer is initiated by the request pulse given to the
signal line REQ from the computer. This request pulse
is supplied to the control signal generator, to open the
AND gate 83 whereby the data present on the signal
line 81 is transfered to MBR.

When the command is for the request for transferrm g
the contents of the flip-flops S1, S2, . . . S8 and TU, a

signal is supplied to C17 by the control s:gnal generator
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36, the gate 78 is opened, and the necessary data i1s
supplied to the computer. When the computer delivers
a request pulse to the signal line REQ, the control
signal generator 36 sends a strobe signal to S5T4,
whereby the computer reads the necessary data. The

‘same operation as above 1s performed when transfer of
the response requiring time stored in the counter 11 is

requested by the command. In this case, a signal is sent
to C18, the AND gate 79 is opened, and the corre-
sponding data is supplied to the computer.

When data transfer from the memory device 5 Is

‘requested by the command, the control operatin is

performed in the fellowmg manner. As described
above, the address is set in AR1 in the stage of com-
mand delivery. When the command is received, a signal

~is sent to C16 by the control signal generator 36, the

20..
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gate 77 is opened, and the data on bus 41 is sent to the
computer.

The computer then generates a request pulse over
the signal line REQ, whereby the control signal genera-
tor circuit 36 starts operation for reading the data indi-
cated by the address of AR1 to MBR. Namely, a signal

is sent to C1, the gate 37 is opened, and the address of

AR1 is supplied to the memory device 5. Then the
control signal generator generates a read SIgnal As a
result, the necessary data is read to MBR and given to

- the computer by way of the bus 41. After this opera-
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tion, the data is rewritten by the write signal. A pulse
signal is generated on the signal line 45, and the address
of AR1 is increased by 1. When the data is read to
MBR, the control signal generator 36 generates a
strobe signal to ST4, to make the computer read the
necessary data at this time. The computer generates a
request pulse in succession, whereby the above opera-
tion is repeated. Thus data can be read in succession

from the address first designated by the command.

When data transfer to the memory device 5 1s re-
quested by the command, the following operation IS
performed. In this case also, the address is set in AR1 in
thestage of command delivery. The computer gener-
ates data over the signl line 81 and delivers a request
pulse to the signal line REQ. This pulse is given to the
control signal generator 36, the gate 83 i1s opened, and
the data present on the.signalline 81 is set in MBR. The
control signal generator, when given the request pulse,
supplies a signal to C1, to open the gate 37 and supplies
the memory device § with the address of AR1. At the
same time, the control signal generator generates a
write signal, to store the data of MBR in the address of

AR1. Then the control signal generator generates a
pulse signal on the signal line 45, thereby increasing the
address of AR1 by 1. At the same time, the control
signal generator delivers a pulse signal to TERM,
thereby informing the computer of the end of the data
storage. The computer again sends data over the signal
line 81, and generates a request pulse. Thus the same
operation as above is repeated. In this manner, it 1s
possible for the computer to write data in succession
from the address first indicated by the command.
When the command requests starts of order execu-
tion, the computer delivers a request pulse to the signal
line REQ. As a result, the control signal generator
generates a pulse signal to the signal line 85, thereby
resetting AR1. As a result, AR1 indicates the address
which is the first address of the program. At the same

- time, the control signal generator starts operation of

the order read phase for reading an order. Then the
foregoing order execution operation is performed.

- T ——
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- As has been described, the instructional device of

this invention illustrated in FIGS. 1 and 4 has a control
circuit capable of permitting selection of optimum
educational approach to meet the ability and the step
of study of the individual student. Hence, this instruc-
tional device provides a large teaching versatility simi-
lar to that obtainable in the conventlonal lnstrucuonal
device using a computer.

the control circuit is designed to control the elements
which organize the instructional device to perform
Spemﬁc operatmns according to a simple program com-
prising in combination four different orders: the pre-
sentation order, pause order, judge order and request
order. According to this invention, in comparison with
‘the conventional system using a computer, the program
used is very simple and the overall composition of the
device 1s also simple. Thus, the device of this invention
can be produced at a low cost. .

Furthermore, the instructional device of this inven-
tion, when associating a computer for use in place of
the program-feeding device, permits realization of
highly useful, versatile educational capabilities in addi-
tion to the foregoing control functions available with a
instructional device alone.

‘We claim: o _

1. An mstructional apparatus comprising a plurality
of student stations and a program-feeding device for
storing and supplying programmed data to be used by a
student wherein each said student station comprises:

display means for displaying data for the use of said
student;

Input means for enabling the student to write mfor-
mation into a random access memory in response
to data displayed on said display means;

a random access memory for storing the program
supphed from the program-feeding device and stor- .
ing various Information produced as a result of
program execution;

control means coupled to said display means, input
means, program-tfeeding device and random access
‘Memory, 1nc1ud1ng |

means for writing in only one stép- program supplied
from the program-feeding device at a predeter-

mined location of said random access memory, said

one step-program being comprised by a presenta-
tion order, a pause order, a judge order and a re-
quest order;

means, responsive to a presentation order, for sup-
plying selected information to said display means
to present questions to a student;

means, responsive to the pause order, for temporarily
storing said information from the student at a pre-
determined location of said random access mem-
ory ‘through his operation of said input means in
response to the information displayed on sald dis-
play means;

means, responsive to the judge order, for comparing
sald information from said student with expected
response data and for evaluating and Judgmg the
result of said comparison; and

means, responsive to the request order, for designat-
ing a subsequent step-program to be executed and
for delivering a request signal to said program-
feeding device.
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2. An instructional apparatus according to claim 1, in °
which said selected information supplying means com- -

prises:

20

‘a first register, coupled to said random access mem-

- ory, for storing a signal representatwe of an address
within said memory;

a control signal generator circuit for generating a

~ read signal for reading an instruction Into the ad-

dress designated by said first register;

a second register, coupled to said control signal gen-

~ erator circuit, for temporarily storing a code which

designates the type of said read instruction;

“a third register, coupled to said control signal genera-

tor circuit, for temporarily storing a code which
“designates a particular display means to be oper-
ated in response to said read instruction;

a counter, coupled to said control signal generator
circuit, for temporarily storing a signal which desig-
nates the word length of data to be presented ac-
cording to said read instruction;

means for supplying, from said control signal genera-
tor circuit to said first register, a signal for changing
the contents of said first register, so that the con-

“tents of said first register indicate the next address
each time one word is read from said memory;
means for supplying, from said control signal genera-

tor circuit to said counter, a signal for subtracting a
specific value from the contents of said counter
each-time one word of the information read from
sald memory is sent to said designated display
means; and -

means for supplymg, from said control signal genera-
tor circuit to said display means, a signal for in-
structing the designated display device to accept

“Information according to the contents of said sec-

- ond and third registers.

3. An instructional apparatus according to Claim 2,
in which said input means includes a keyboard com-
prising |

message keys for the student to input his answer or
other information,

‘response keys for discriminating the type of student’s
response and for indicating the end of a student’s

- response, and

a key for requesting the cancellation of input infor-
mation.

4. An Instructional apparatus according to Claim 3,
further including a first gate through which the output
of said message key is applied to said control means,
and a first flip-flop, responsive to said control signal
generator circuit and being connected to said first gate
and wherein said first gate is controlled by the output of
said first flip-flop to be set by a signal from said selected
Information supplying means, when the student’s re-
sponse 1s terminated.

5. An Instructional apparatus according to Claim 1,
in which said temporarily storing means comprises:

a control signal generator circuit;

a memory buffer register for temporarily storing the
output of said input means,

a fixed address generator for indicating the address of
a predetermined region of said random access
memory;

a first register for temporarily storing an indication

- from said fixed address generator;

means for supplying, from said control signal genera-

~ tor circuit to said random access memory, a write
- signal for writing in said memory the information
“'stored in said-memory buffer register; and

| means for supplying, from said control signal genera-
“tor circuit to said first register, a signal for changing
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the contents of said first register to the next address
each time one ‘word is wrltten mto sald random
access memory. BRI SR T
6. An instructional apparatus accordm g°to clalm 5 In
which said temporarily stormg means further comprlses
“an end-code generator and’ T D st
a first gate; responsive to'the output of sald endncode
generator, for supplying said:memory ‘buffer regis-
ter with the output of said erid-code. generator at
-the end of the information supplled from s.:ud mput
means and S T
further including -means for stormg the end code at
‘the end of the student S response m sald random
- access memory. T e
7. An'instructional apparatus accordm g to clalm I In
which said ccmparmg means comprlses K -
a control signal generator circuit;:
~an accumulator for storing. mformatlon |
an adder circuit connected to ‘said- accumulator SO
- that the output of said accumulator isapplied to
~ the summand side“input términal’ of said adder
circuit, and the output of said adder ClI‘OUlt 1s ap-
plied to the input of 'said accumulator; .o
a first regnster to be set at the address of said random
- access memory in which numeérical data is'stored:;
means for supplymg, from said control signal genera-
tor circuit to said memory, a signal for reading
information from the address indicated by said first
register; and

means for applymg the signal read from said memory

to the addend side input terminal of said adder
circuit. -

8. An instructional apparaus according to claim 1, in

which said comparing means comprises:

a control signal generator circuit;

an accumulator in which information to be stored in
sald memory is stored;

a first register in which the address to be stored is
temporarily stored;

a memory buffer register; |

a first gate, controlled so that the information in said
accumulator 1s transferred to said memory buffer
register by the signal from said control signal gen-
erator; and |

means for supplying, from sald control signal genera-
tor to said random access memory, a write signal
for writing the information stored in said temporar-
ily storing means into the address of said random
access memory, which address 1s indicated by the
contents of said first register.

9. An Iinstructional apparatus according to claim 1, in

which said comparing means comprises:

a first register in which an order code to be compared
with a student’s response information is set;

a counter mn which the information indicating the
word length of information expected from said
Input means is set;

a second register in which the address of the first
character of the expected information stored in
sald memory is stored;

a third register in which the first address of said stu-
dent’s input information 1 1 stored;

an accumulator; |

a control signal generator circutt;

means for supplying, from said control szgnal genera-
tor circuit to said memory, a read signal for reading
information in the address indicated by said second
register according to the state of said first register;
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~means.for transferrmg sald read signal to said accu-
mulator , ~
means for supplymg, from said control signal genera-
tor circuit to said second register, a signal for trans-
- -ferring the ‘contents of -said second register to the

- -néxt address after said transfer of said read signal

- i-to:said .accumulator;. .

:.means for supplymg, from sald control signal genera-

tor circuit to said third register, a signal for reading

" the mformatlon 111 the address mdlcated by said

' thitd register;

“'means for applying a student’s input information to

.~sald accumulator- through an inverter, which in-

. verts the bit signals of said student’s input mform a-

tion; -

-2 flip-tlop, coupled to sald control signal generator,
" which is set when the contents of said accumulator
' are not zero; and® -

“‘means for supplying,’ from said control signalgenera-
tor circuit to said counter, a signal for subtracting a
~:specific.value from the value of said counter each

. ..time the comparison .of one character ends; and

] _means for effectmg the repetltlon of the operation of

- said ‘comparing means until the contents of said

counter become zero.

10. An instructional apparatus according to claim 1,

in which said comparing means comprises:

a plurality of tlip-flops, set in response to information
supplied from said input means;

a flip-flop set according to whether or not the stu-
dent’s information response message is coincident
with expected information;

a first register for storing an order code;

a second register for storing a code which designates
one of said flip-flops of said plurality;

a memory buffer register for storing a code which
Indicates a specific address of said random access
memory;

a control signal generator circuit, coupled to receive
a set signal from the flip-flop designated by said
second register when this flip-flop is in the set state;

a third register set according to an address of said
memory; and

means for supplying, from said control signal genera-
tor circuit to a gate, a pulse for controlling said
gate, so that the information in said memory buffer
register 1s transferred to said third register when
the designated flip-flop is delivering a set signal.

11. An Instructional apparatus according to claim 1,

inwhich said comparing means comprises:

a control signal generator circuit;

an accumulator in which arbitrary information can
be stored;

a decision circuit for judging whether the contents of
sald accumulator are positive, zero or negative; and

means for supplying said control signal generator
circuit with a signal corresponding to the judged
result.

12. An mnstructional apparatus according to claim I,

in which said temporarily storing means comprising:

a buffer register for temporarily storing the result of
a student’s response placed in said input means, by
sequentially storing the student’s input informa-
tion; |

a plurality of flip-flops for storing information corre-
sponding to the type of student’s responses;

a counter for counting the student’s response time;
and

!’|||||n.=|||mul . B - —
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a ﬁrst'ﬂip;ﬂop for controlling-ap;il_icatiﬁn of informa- ~ a.control SIgnal generator. circuit which generates a
tion to said memory, said first flip-flop being set in ~ - signal for reading an order from the address desig-

response to the execution of a pause order permit- nated by said first register;
P ! pause er permit- .a second -register for temporarily storing a code-

ting the entry of a student’s response, and wherein 5 . which designates the type of read.order; - - -

said first flip-flop is reset when one of the flip-flops a third register for temporarily storing 2 code whlch

of said plurality is set upon termination of the stu- - designates access to said computmg means accord-
~ dent’s response or when a second flip-flop, respon- ing to said read order; -

a counter for temporanly storing a SIgnal whlch des-
10 - . ignates the word length of information requested
by said read order;

sive to said counter, is set as the result that the
student’s response time has elapsed ‘and thus the

student’s response is allowed, and the result. of .. means for supplying, from said control sngnal genera—
student’s response is stored, the student’s response ~tor circuit to-said first rcglster a signal for changing
requiring time being counted only when said first the contents of said first register, so that the con-
flip-flop is in the set state. | - 15 . tents of said first register indicate the next address

each time one word is read from said memory;
means for supplying, from said control signal genera-
tor circuit to said counter, a signal for subtracting a

- 13, An instructional apparatus according to claim 1,
in which said program-feeding device includes means

for continuously feedmg mdmdual programs based on  specific value from the contents of said counter
a request order given once. - | 20 - each time one word of the information read from

~14. An instructional apparatus according to clalm 1, ~the memory is transmltted to said computing
wherein said apparatus further includes access to a - means; and o i

means for supplYmg from said control signal genera-

computing means and in which said designating means tor circuit a signal for enabling said computing
compnses | 25  means to accept said information according to the
“a first register for storing a SIgnal which designates an ~ contents of said second and third. reglsters
~ address within said random access memory; | o -, ¥ * X ¥ X |
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